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(54) Data converter 

(57) An analogue to digital or digital to analogue 
data converter 1 for converting between a first digital 
signal 101 ,102 at a first sampling rate f 0 and a first ana- 
logue signal 171,172, comprises a first conversion 
stage 11,12,21,22,31,32 for converting an input signal 
101,102 into an intermediate digital signal 131,132 at 
a second sampling rate f sm which is greater than the 
first over-sampling rate f 0 ; a processing stage 
30,41,42,43,44,51,52 for performing digital signal 
processing on the intermediate digital signal to gener- 
ate fa| I.0UUHZ 



ate a processed intermediate digital signal 151,152; 
and a second conversion stage 61 ,62,71 ,72 for convert- 
ing the processed intermediate digital signal into an out- 
put signal 171 ,172, wherein the input and output signals 
comprise the first analogue signal and the first digital 
signal or vice versa depending on whether the data con- 
verter is performing analogue to digital or digital to ana- 
logue conversion. 
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Description 

Field of the Invention 

5 [0001] The present invention relates to a data converter and in particular to a data converter for use in a receiver 
or transmitter. 

Background of the Invention 

10 [0002] In many devices such as portable communication devices, especially those which use a digital modulation 
scheme, there is often a need to convert radio or other modulated signals received by the device from analogue to dig- 
ital, and to convert signals to be transmitted by the device from digital to analogue. 

[0003] Sigma-delta and delta-sigma converters are frequently used for this purpose for a number of well known rea- 
sons, such as good linearity, suitability for formation on an integrated circuit, etc. However, in order for such converters 

75 to be suitable for this purpose, especially for use in sophisticated portable communication devices, they generally need 
to be quite complex. Typically, such converters will include a number of different stages, with different levels of over- 
sampling at the different stages. Furthermore, complicated filtering is required at each stage to remove noise that has 
been generated by the converter. Typically this is achieved by providing a filter at the output of each stage which filters 
out at least all components whose frequency is greater than about half the clock frequency used at each stage. 

20 [0004] Additionally, a device such as a portable communications device will need to perform digital signal process- 
ing on the signal after Analogue to Digital (A to D) conversion in the case of received signals, or prior to D to A conver- 
sion in the case of signals to be transmitted. Such signal processing will typically include some sort of phase function 
transformation, such as conversion between an Intermediate Frequency (IF) and base-band, and also digital filtering. 
[0005] Furthermore, a conventional superheterodyne transceiver suffers from the drawback of only being able to 

25 receive or transmit within a single radio channel having a given channel bandwidth (e.g. 200kHz in GSM), for a single 
setting of the main local oscillator. In order to change to a different channel, the main local oscillator needs to be repro- 
grammed to a new frequency. This requires a certain finite time, commonly referred to as the settling time, before the 
new frequency is correctly established. A settling time of 100-400>is is typical. This may be worse in some cases when, 
for example, it is necessary to adjust the dc offset of the transceiver when operating in the new channel. 

30 

Summary of the Invention 

[0006] According to a first aspect of the present invention, there is provided a data converter for converting between 
a first digital signal at a first over-sampling rate and a first analogue signal, the data converter comprising a first conver- 

35 sion stage for converting an input signal into an intermediate digital signal at a second over-sampling rate which is 
greater than the first over-sampling rate; a processing stage for performing digital signal processing on the intermediate 
digital signal to generate a processed intermediate digital signal; and a second conversion stage for converting the 
processed intermediate digital signal into an output signal, wherein the input and output signals comprise the first ana- 
logue signal and the first digital signal or vice versa depending on whether the data converter is performing analogue 

40 to digital or digital to analogue conversion. 

[0007] It will thus be apparent to a person skilled in the art, that the present invention enables signal processing, 
which is not directly related to data conversion, to be performed within the data converter. This gives rise to a number 
of advantages over conventional data converters. For example, some digital signal processing can be performed more 
efficiently if the signal is at an over-sampling rate greater than approximately unity. As a result, some signal processing 

45 can be performed more efficiently on the intermediate digital signal within the data converter according to the present 
invention than on the first digital signal outside the data converter because the intermediate digital signal is at a greater 
over-sampling rate than the first digital signal. Note that the first digital signal is normally at an over-sampling rate close 
to unity. The term "over-sampling rate" will be understood by a person skilled in the art to refer to the ratio of the actual 
sampling rate of a signal to the Nyquist rate of the wanted part of the signal at base-band, this being twice the maximum 

so bandwidth of the wanted signal (e.g. about 220kHz in GSM where the maximum bandwidth of a signal is about 1 1 0 Hz, 
the channel width between adjacent channels being about 200kHz). 

[0008] Another advantage which the present invention gives rise to is that the total amount of digital filtering 
required by a device can be reduced by enabling a filtering stage within the converter to perform at least some of the 
filtering for a filtering stage outside the converter or vice versa. 
55 [0009] Preferably, the data converter is a complex converter whereby each of the input and output signals com- 
prises a quadrature pair of signals. 

[0010] According to a preferred embodiment of the present invention, the digital processing stage includes digital 
mixing means for performing phase function transformations, such as a frequency transformation. The term phase- 
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function transformation is used here to describe an operation such as: 

m = e /MH0 _> xy) a X(t) . e »« a e i(»^(0 + *(0) 

5 where X(f) is the intermediate digital signal represented as a phase modulated signal, the phase modulation being 
given by <j>(f), and $(r) is the phase function by which the intermediate signal is being transformed. Clearly, if 

10 

where <q<\ is constant in time, <t>(r) = © 1 f and the operation comprises performing a frequency shift on the intermediate 
digital signal given by 



15 . 




20 

[001 1] Preferably, the data converter is a band-pass converter for receiving an intermediate Frequency (IF) signal 
and outputting a base-band signal or vice versa. The term "IF signal" is here used to mean both an IF signal in the con- 
ventional sense of a single frequency IF carrier signal modulated by the wanted signal and an alternative and advanta- 
geous case in which the IF carrier signal is not a single frequency but has a spread spectrum as a result of it having 
25 been modulated by a spread spectrum phase function, the spread carrier signal then being modulated by the wanted 
signal as before. 

[0012] According to a second aspect of the present invention, there is provided a method of converting data 
between a first digital signal at a first over-sampling rate and a first analogue signal, the method comprising the steps 
of converting an input signal into an intermediate digital signal at a second over-sampling rate which is greater than the 
30 first over-sampling rate; performing digital signal processing on the intermediate digital signal to generate a processed 
intermediate digital signal; and converting the processed intermediate digital signal into an output signal, wherein the 
input and output signals comprise the first analogue signal and the first digital signal or vice versa depending on 
whether the data is being converted from analogue to digital or digital to analogue. 

[0013] According to a third aspect of the present invention, there is provided complex signal multiplier means for 
35 converting between a complex IF signal having a first and second component and a base-band signal having a first and 
second component, the complex signal multiplier means including means for generating a transformation complex sig- 
nal to be multiplied by one of the complex IF and the base-band signals, wherein the wherein the complex multiplier 
means incorporates means for altering the transformation complex signal in a digital manner, whereby the resulting 
product signal may be altered almost instantaneously. 
40 [0014] According to a fourth aspect of the present invention, there is provided complex signal multiplier means for 
converting between a complex IF signal having a first and second component and a base-band signal having a first and 
second component, the complex signal multiplier means including inversion means for selectively inverting one or more 
of the first and second components of either or both of the complex IF or base-band signals. With such a multiplier 
means K is possible for a receiver having a local oscillator to tune itself to detect a first channel corresponding to a first 
45 setting of the local oscillator, and then to detect, at least to some extent, signals located outside the first channel simply 
by selectively inverting one or more of the components of the complex IF and/or base-band signals, without having to 
change the setting of the local oscillator. 

[0015] In a preferred embodiment, there is provided a receiver for selectively receiving signals from any one of a 
plurality of channels evenly separated in frequency such that there is a fixed channel spacing frequency between adja- 
so cent channels, the receiver having a Radio Frequency (RF) to complex IF signal converter and the complex signal mul- 
tiplier means, wherein the RF to IF signal converter is adapted to generate an IF signal centred around an IF carrier 
frequency equal to half the channel spacing frequency. In such a receiver, it is possible to detect two adjacent channels 
for a single setting of the local oscillator at a frequency between the mid-frequencies of the two adjacent channels. 

55 Brief description of the Figures 

[001 6] In order that the present invention may be better understood, embodiments thereof will now be described by 
way of example only with reference to the accompanying drawings in which:- 
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Figure 1 is a block diagram of an analogue to digital data converter; 

Figure 2 is a block diagram of a digital to analogue data converter together with an associated l/Q modulator and 
rf transmission circuitry; 

5 

Figure 3 is a block diagram of radio receiver circuitry; 

Figure 4 is a block diagram of radio transmitter circuitry; 

w Figure 5 is a schematic block diagram illustrating a method of detecting a Frequency Correction Burst signal; and 

Figure 6 is a schematic block diagram illustrating a method of measuring the power content of both adjacent chan- 
nels and one alternate channel relative to a given wanted channel. 

is [0017] Referring firstly to Figure 1, analogue to digital data converter 1 comprisesan 1 11 and a Q 12 Sigma- Delta 
modulator, a first I decimation filter 21 and a first Q decimation filter 22, a first I decimator 31 and a first Q decimator 32, 
an IF carrier phase signal generator 30, first, second, third and fourth mixers 41 ,42,43,44, first and second adder/sub- 
tractors 51,52, a second I decimation filter 61 and a second Q decimation filter 62, second I and Q decimators 71,72 
and I and Q selectivity filters 81 ,82. A complex analogue IF signal, which comprises an in-phase (I) component 101 and 

20 a quadrature phase (Q) component 102, is input to the data converter 1 , the I component being input to the I sigma- 
delta modulator 1 1 and the Q component being input to the Q sigma-delta modulator 12. The I and Q sigma-delta mod- 
ulators 1 1 and 12 generate very noisy, high rate digital signals 1 1 1 and 112 respectively. In the embodiment shown in 
Figure 1 , the noisy digital signals 1 1 1 , 1 1 2 are output from the modulators 1 1 , 1 2 at a clock or sample rate, f s , of approx- 
imately 13 MHz. These signals are input to the first I and Q decimation filters 21, 22 which remove the majority of the 

25 high frequency noise (generated by the modulators 1 1 ,12) to generate filtered high frequency I and Q signals 121 ,131 
which are then decimated by decimators 31,32 to produce intermediate digital I and Q signals 131,132 at a sampling 
rate f s of, in this example, approximately 1 .083MHz. 

[0018] The I intermediate digital signal 131 is input to the first and second mixers 41 ,42. The Q intermediate digital 
signal 132 is input to the third and fourth mixers 43,44. Additionally, the IF earner phase signal generator generates at 

30 least a first 133 and a second 134 IF phase function signal , the first signal 133 being input to the first and third mixers 
41,43 and the second signal 134 being input to the second and fourth mixers 42,44. First mixer 41 mixes signal 131 
with signal 133 to generate signal 141 which is input to the first adder/subtractor 51 . Second mixer 42 mixes signal 131 
with signal 134 to generate a signal 142 which is input to the second adder/subtractor 52. The third mixer 43 mixes sig- 
nal 1 32 with signal 1 33 to generate a signal 1 43 which is fed to a second input of the adder/subtractor 52. Fourth mixer 

35 44 mixes signal 132 with signal 134 to generate a signal 144 which is fed to a second inverting input of the first 
adder/subtractor 51. 

[001 9] The first adder/subtractor 51 subtracts signal 1 44 from signal 141 to generate a processed intermediate dig- 
ital I signal 151 which is input to the second I decimation filter 61. The second adder/subtractor 52 adds signal 142 to 
signal 143 to generate a processed intermediate digital Q signal 152 which is input to the second Q decimation filter 62. 

40 The second decimation filters 61,62 again remove high frequency noise (the general object of decimation filters is to 
remove all noise at frequencies greater than half the sampling frequency of the decimator immediately following the 
decimation filter - however, in this case, the requirements of the decimation filter may advantageously be relaxed some- 
what. The reason for this is that although any noise at a frequency greater than half the frequency of the decimator will 
appear as noise, after decimation, at a frequency given by half the frequency of the decimator minus the difference 

45 between half the frequency of the decimator and the frequency of the unfiltered noise, because a certain amount of 
noise having a frequency above the maximum frequency of the wanted signal may be permitted because of the action 
of selectivity filters later on in the circuit will remove such noise anyway it need not also be removed by the decimation 
filter). The output signals 161 , 162 of the second decimation filters 61 ,62 are decimated by the second decimators 71 ,72 
to an output sampling rate f 0 in this case of approximately 541 .5kHz which corresponds to an oversampling rate of 2 for 

so GSM. Alternatively, the second decimation filters and decimators could be arranged to output signals at an oversam- 
pling rate of 1 at this stage. The outputs of the decimators are unfiltered output I and Q signals 1 71 , 1 72 which are input 
to the I and Q selectivity filters 81,82 which remove any noise outside the bandwidth of the wanted signal caused for 
example either by noise generated by the data converter stages or by adjacent signals. The selectivity filters output fil- 
tered output I and Q signals 1 81 , 182 respectively which may then be further processed or converted into a simple data 

55 stream, etc. 

[0020] A person skilled in the art will recognise that the IF carrier phase signal generator 30 together with the mix- 
ers 41,42,43,44 and adder/subtractors 51,52 are arranged as a complex multiplier arrangement to perform non-data 
conversion signal processing of the phase function transfer type such as:- 
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X(/) = e 



->)C(t) = X(t)-e 



/*<f) _ /(«f+<j>(0+*(0) 



where X(r) is the intermediate digital signal 131,132 represented as a phase modulated signal, the phase modulation 
being given by ty(t), and *(f) is the phase function by which the intermediate signal is being transformed and the first 
s and second signals 133,134 generated by the IF carrier phase signal generator are mathematically represented by 
Clearly, if 




where is constant in time, <!>(f) = a> 1 1 and the operation comprises performing a frequency shift on the intermediate 
digital signal given by 



20 Alternatively, <I>(f) might not be constant in time in which case it would correspond to a despreading operation (for 
details of which see copending European patent application No. 98401954.7). 

[0021 ] In a preferred embodiment, the data converter includes a dc notch filter located immediately prior to the mix- 
ers 41,42,43,44 for removing any unwanted dc components from the intermediate digital signal 131,132 caused, for 
example, by leakage from the local rf oscillator (not shown in Figure 1) or non-linearities in the circuit elements up to the 

25 mixers 41,42,43,44. This is preferable to the use of an IF notch filter for removing the unwanted dc components after 
they have been converted to an IF frequency by the signal processing section 30,41,42,43,44,51,52 because such a 
filter would generally also remove wanted components whose frequency was the inverted frequency of the unwanted 
components (e.g. if the unwanted components were transformed from dc to 100 kHz, a 100kHz notch filter would also 
remove components at -1 00kHz) unless a sophisticated complex filter was used, which is not necessary if a dc notch 

30 filter is used instead. 

[0022] Referring now to Figure 2, there is shown a digital to analogue data converter together with a ROM IQ mod- 
ulator 280, complex IF to non-complex rf conversion circuitry 270,235,236,290, rf amplification and processing means 
291 and aerial 292. The rest of the data converter is essentially similar to data converter 1 except that it is arranged as 
a digital to analogue data converter and thus elements such as the decimation filters and decimators 

35 21,22,31,32,61,62,71,72 have been replaced with the corresponding interpolators 261,262,221,222, and the sigma- 
delta modulators 11,12 have been replaced with current or voltage converters 225,226 and low pass filters 227,228. 
Furthermore, the complex multiplier arrangement 230,241,242,243,244,251,252 is represented in a slightly different 
manner for reasons of convention (note the construction of a complex multiplier is well within the capabilities of a person 
skilled in the art and will not be described here in greater detail - further details may however, be obtained from copend- 

40 ing European patent application No. 98401 954.7). 

[0023] The operation of the data converter of Figure 2 is essentially analagous to that of Figure 1, thus a data 
stream to be transmitted is input to the ROM IQ modulator 280 which generates a complex baseband signal therefrom 
comprising an I baseband signal 2181 and a Q baseband signal 2182 at a sampling rate f 0 of, for example, approxi- 
mately 271 kHz, or in GSM, an oversampling rate of 1 . At this stage, the signals may each be 10 bits wide for example. 

45 These signals are then input to the first interpolators 261,262 which generate intermediate digital signals 2161,2162 
which are at a greater sampling rate f sm , for example of 1 .083 MHz but will probably be fewer bits wide (for example 8 
bits wide). 

[0024] The intermediate digital signals 2161,2162 are fed into the complex multiplier arrangement 
241,242,243,244,251,252 which performs a phase function transformation on the complex intermediate digital signal 

so 2161 ,2162 given by the complex signal generated by the IF carrier phase signal generator 230 which will for example 
be of the form e' ( *W where <t<r) represents the phase function by which the complex intermediate digital signal 
2161,2162 is being transformed. The effect of this is typically to convert the baseband signal to a complex IF signal 
2151 ,2152 which is output from the complex multiplier arrangement 241,242,243,244,251,252. The complex IF signal 
comprises an I processed intermediate digital signal 2151 and a Q processed intermediate digital signal 2152. These 

55 signals are input to second interpolators 221 ,222 which generate interpolated digital signals at a much higher sampling 
ratef 8 of for example 13 MHz but much less wide - it might for example be only 1 or 2 bits wide. The output signals from 
the second interpolators 221 ,222 are then fed into the current or voltage converters which generate for example, differ- 
ent voltage values for different input signals; the very quickly varying output current or voltge signals are then filtered 
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through a low pass filter to generate smooth analogue signals corresponding to the processed intermediate digital sig- 
nals 2151,2152 which thus correspond to a complex analogue IF signal. This analogue IF signal is then upconverted 
and transmitted using elements 270,235,236.290,291,292 in well known manner.Note, however, that dotted line 269 
indicates the possibility of a communication channel between the IF carrier phase signal generator and the local rf oscil- 
5 lator which would permit a spreading/despreading manipulation of the signal to be transmitted at the complex multi- 
plier/upconversion arrangements. 

[0025] Figure 3 shows a radio receiver arrangement comprising an aerial 301 , rf amplification means and associ- 
ated circuitry 302, first and second rf mixers 310,31 1 , local rf oscillator 305, 1 and Q IF amplification means 320,321 , 1 
and Q IF filter means 330,331 , 1 and Q analogue to digital data converters 340,341 , IF carrier phase signal generator 
w 350, complex multiplication means comprising f irst.second, third and fourth mixers 360,361 ,362,363 and first and sec- 
ond adder/subtractors 370,371 , and I and Q selectivity filters 380,381 . 

[0026] Such an arrangement, is suitable for operation in a very low IF mode in which the received rf signal is down- 
converted to a very low complex IF signal centred around a frequency of, for example and preferably, half the channel 
separation of adjacent channels in the radio scheme of interest (for example, in the case of GSM, the channel separa- 
15 tion is 200 kHz and the complex IF signal is preferably centred about 100 kHz (ie the IF carrier signal has a frequency 
of 100 kHz)). 

[0027] In such a mode, the manner of operation of the receiver of Figure 3 would be as follows. Aerial 301 would 
detect an rf signal which would be amplified by means 302 and passed on to the rf down-conversion mixers 310,31 1 . 
Local rf oscillator 305 generates I and Q rf signals of a predetermined frequency equal to the mid-channel frequency of 

20 the channel to be received plus the IF carrier frequency, which in this case is half the channel spacing or 100 kHz. Note 
at this point no filtering has been performed so the output complex signal from mixers 310,31 1 will include the wanted 
channel signal occupying between dc and the channel bandwidth plus after that all of the preceding channels (ie the 
preceding adjacent channel will occupy from 200 kHz to 400 kHz and the preceding alternate channel will occupy from 
400 kHz to 600 kHz etc.) Additionally, there will be image channels occupying the inverted frequency ranges (i.e. the 

25 following adjacent channel will occupy from dc to -200 kHz and the following alternate channel will occupy from -200 
kHz to -400 kHz). 

[0028] These signals are then amplified by IF amplification means 320,321 and then passed through low pass fil- 
ters 330,331 . Note that the low pass filters 330,331 are not complex filters and thus cannot distinguish from positive and 
minus complex signals whose frequencies have the same magnitude although being opposite in sign; furthermore, so 

30 as not to lose any important information contained within the wanted channel and because of the impossibility of pro- 
ducing infinitely sharp filters, in addition to allowing both the wanted and the following adjacent channels through com- 
pletely unattenuated, the filters will also allow through a significantly large portion of the preceding adjacent channel 
and the following alternate channel. The filtered signals are then passed on to the non-complex AD data converters 
340,341 and the outputs of these are fed to the complex multiplier arrangement 360,361 ,362,363,370,371 . Ordinarily, 

35 the complex multiplier arrangement would act to remove or reject the image channels and to down-convert the IF signal 
to baseband. This signal is then passed to the selectivity filters which remove any components whose frequency ties 
outside the bandwidth of the wanted signal thus removing any noise from the preceding adjacent channel admitted by 
the low pass filters 330,331. , 

[0029] However, in the complex multiplier arrangement of Figure 3, the adder/subtractors 370,371 are programma- 
40 ble in the sense that they can selectively invert the signals input to them. In this way it is possible to alter the behaviour 

of the complex multiplier to remove the "wanted" channel and to keep the -image" channel instead without having to 

reprogram the local rf oscillator 305. Since it is possible for the adder/subtractors to invert or uninvert an input signal 

almost instantaneously, it is possible for the receiver to effectively instantaneously switch between to adjacent channels. 

(Note, instead of inverting the signals at the inputs of the adder/subtractors it would also be possible to alter the signals 
45 generated by the I F carrier phase signal generator 430 to achieve the same effect. Similar alternative mechanisms may 

occur to a person skilled in the art which achieve the same object of being effectively instantaneous as a result of being 

carried out in the purely digital domain of the complex multiplier arrangement) 

[0030] Furthermore, by altering the complex signal produced by the IF carrier phase signal generator it is possible 
to shift what is left of either the preceding channel or the following alternate channel to baseband. Although no reliable 
so data can be recovered from these channels (without reprogramming the local rf oscillator 305) it will be possible from 
this to obtain an estimate of the amount of power being transmitted in these channels which may be useful information 
in itself. 

[0031 ] Rgure 4 shows a transmitter which is similar in many respects to the receiver of Figure 3 except that trans- 
mitter type elements replace the corresponding receiver type elements of Figure 3 and Figure 4 further includes a ROM 
55 IQ modulator. Note that again the complex multiplier means is located in the purely digital domain and thus the (com- 
plex) frequency of the up-converted IF signal can be altered effectively instantaneously permitting the frequency of 
transmission of the signal to be changed almost instantaneously without requiring the frequency of operation of the 
local oscillator to be changed. 
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[0032] Although not shown in a drawing, it will by now be apparent that in a particularly preferred embodiment, there 
may be provided a data converter substantially as shown in either one of Figures 1 or 2 in which the complex multiplier 
forming part of the data converter includes suitable means for altering the operation of the complex multiplier means to 
enable effectively instantaneous alteration of which channel is received or transmitted by a receiver or transmitter incor- 
5 porating such a data converter, such as by providing adder/subtractors which may selectively invert the signals input to 
them. 

[0033J Figure 5 illustrates a method of detecting a Frequency Correction Burst (FCB) signal which takes advantage 
of the complex multipliers which can alter their operation to detect either a wanted or an image channel effectively 
instantaneously as shown in Figures 3 and 4. In a perfect case in which the local oscillator generates rf/IF down-con- 

w verting rf signals at exactly the correct frequency, an FCB signal transmitted at a frequency of 67. 7 kHz greater than the 
mid-channel frequency would easily be detected by the receiver (top part of Figure 5). If the local oscillator signal is 
slightly greater than desired (e.g. 54 kHz too high because of a non-perfect crystal oscillator), the FCB will still be 
detected at which point the frequency of the rf signal generated by the local oscillator can be successfully corrected and 
normal reception continued thereafter (see middle part of Figure 5). However, where the oscillator signal is a corre- 

75 sponding amount less than desired (i.e. 54 kHz too low again because of a non-perfect oscillator), the FCB will not be 
detected because it falls within what is expected to be an image signal which is rejected by the receiver. However, 
because it is possible to detect the image without retuning the local oscillator, the FCB can still be detected by simply 
altering the operation of the complex multiplier arrangement. 

[0034] Figure 6 illustrates how by changing the operation of the complex multiplier arrangement, it is possible to 
20 detect either a "wanted" channel or a following adjacent "image" channel, or to some extent at least, a preceding adja- 
cent channel or following alternate image channel. The first part of Figure 6 shows these 4 above described channels 
labelled as a wanted channel, positive adjacent or image channel, negative adjacent channel and positive alternate 
channel respectively. The second part of the Figure shows the same channels after down conversion to complex IF sig- 
nals, together with the effect of the simple low pass filters labelled in Figure 6 as the RX Analogue filters. The third and 
25 fourth parts of the Figure shows the same 4 channels after down conversion to base band depending upon the opera- 
tion of the complex multiplier arrangement. Thus down-converting the IF signal by means of the complex signal q' 0 ® 
results in only the wanted channel being unattenuated by the selectivity filter. However, the down-converting signal e' 
®W would result in only the image channel being unattenuated by the selectivity filter. Similarly, the down-converting 
signal eW +SW5r ) where BW is the channel spacing (multiplied by 2n) would result in only the negative adjacent chan- 
30 nel being unattenuated by the selectivity filter. Finally, the down-conversion signal e'WQ+BM) would result in only the 
positive alternate channel being unattenuated by the selectivity filters. 

Claims 

35 1 . A data converter for converting between a first digital signal at a first over-sampling rate and a first analogue signal, 
the data converter comprising a first conversion stage for converting an input signal into an intermediate digital sig- 
nal at a second over-sampling rate which is greater than the first over-sampling rate; a processing stage for per- 
forming digital signal processing on the intermediate digital signal to generate a processed intermediate digital 
signal; and a second conversion stage for converting the processed intermediate digital signal into an output signal, 

40 wherein the input and output signals comprise the first analogue signal and the first digital signal or vice versa 
depending on whether the data converter is performing analogue to digital or digital to analogue conversion. 

2. A data converter as claimed in claim 1 wherein the data converter is a complex converter whereby each of the input 
and output signals comprises a quadrature pair of signals. 

45 

3. A data converter as claimed in claim 2 wherein the processing stage includes complex multiplication means for per- 
forming a complex multiplication of two complex signals. 

4. A data converter as claimed in claim 3 wherein the complex multiplication means is adapted to perform a phase 
so function transformation. 

5. A method of converting data between a first digital signal at a first over-sampling rate and a first analogue signal, 
the method comprising the steps of converting an input signal into an intermediate digital signal at a second over- 
sampling rate which is greater than the first over-sampling rate; performing digital signal processing on the inter- 

55 mediate digital signal to generate a processed intermediate digital signal; and converting the processed intermedi- 
ate digital signal into an output signal, wherein the input and output signals comprise the first analogue signal and 
the first digital signal or vice versa depending on whether the data is being converted from analogue to digital or 
digital to analogue. 
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Complex signal multiplier means for converting between a complex IF signal having a first and second component 
and a base-band signal having a first and second component, the complex signal multiplier means including means 
for generating a transformation complex signal to be multiplied by one of the complex IF and the base-band signals, 
wherein the complex multiplier means incorporates means for altering the transformation complex signal in a digital 
manner, whereby the resulting product signal may be altered almost instantaneously. 

Complex signal multiplier means for converting between a complex IF signal having a first and second component 
and a base-band signal having a first and second component, the complex signal multiplier means including inver- 
sion means for selectively inverting one or more of the first and second components of either or both of the complex 
IF or base-band signals. 

A receiver for selectively receiving signals from any one of a plurality of channels evenly separated in frequency 
such that there is a fixed channel spacing frequency between adjacent channels, the receiver having a Radio Fre- 
quency (RF) to complex IF signal converter and complex signal multiplier means as claimed in either one of claims 
6 or 7, wherein the RF to IF signal converter is adapted to generate an IF signal centred around an IF carrier fre- 
quency equal to half the channel spacing frequency. 

A data converter as claimed in any one of claims 1 to 5 incorporating complex multiplier means according to either 
one of claims 6 or 7. 
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